Magnetic filtration was used for the removal of algal populations present in five lakes located in the vicinity of Gainesville, Fla. It was found that the use of this technique enabled a good removal (94%) of algal cells from three lakes where the pH was around 7. The other two lakes, with a higher pH, displayed a lower removal. However, the treatment was greatly improved by lowering the pH from 9.5 to 6.5.
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Abundant algal growth in lakes and other bodies of water leads to nuisance conditions (odor, taste, turbidity, etc.) and to the deterioration of the water quality in general. Florida lakes are particularly known for their eutrophic condition. Their eutrophication is the consequence of favorable climatic conditions and enrichment by abundant quantities of nutrients, particularly nitrogen and phosphorus.
Algal cells are a source of organic and inorganic pollution, and their removal is of extreme importance whenever one needs to insure the quality of water supplies in general and waste stabilization pond effluents in particular. The methods that have been proposed for the removal of algae include centrifugation, microstraining, coagulation, in-pond chemical precipitation, filtration, flotation, and ion exchange (7, 8, 12, 16) .
High-gradient magnetic separation has been used by various industries (15) , and this prompted an investigation of the suitability of this technique in water pollution control (Mitchell et al., unpublished data; 5, 10) . The process consists of seeding the polluted water with magnetite, a ferric oxide. The pollutant, under appropriate conditions, becomes associated with the iron oxide and is trapped in a filter placed in a background magnetic field. It was found that this technique was useful in the removal of phosphate (3), bacterial viruses (2), enteric bacteria, turbidity, and color (5, 13) .
The purpose of this research was to investigate the removal of algal populations from Florida lakes by magnetic separation under controlled conditions. The samples were quickly returned to the laboratory, and their pH was measured by using a Beckman Expandomatic model SS-2 pH meter. Magnetite (300 l±g/ml) (purchased from Fisher Scientific Co., Fair Lawn, N.J.) and aluminum sulfate [Al2(SO4)3' 18H201 (50 ug/ml) (supplied by Mallinckrodt Chemical Works, St. Louis) were added to 1 liter of lake samples and mixed by using a multiple stirrer supplied by Phipps and Bird, Richmond, Va. The stirring was carried out at 100 rpm for 1 min followed by a 4-min slower mixing at 40 rpm. The flocculated mixtures were then poured through a magnetic separator, the Frantz ferrofilter model 31 purchased from S. G. Frantz Co., Trenton, N.J. This separator ( Fig. 1) consists of an open bowl placed upon an electromagnet that surrounds a stainlesssteel wool filter. The electromagnet is energized by a Frantz model S-3 rectifier. The magnetite, along with any adsorbed pollutant, is trapped in the stainless-steel wool matrix and may be washed out when the electromagnet is turned off. Each filtration experiment was carried out in triplicate. After filtration, 100-ml aliquots were taken and preserved with 4% formaldehyde. Algal counts were performed by the strip count method with a Sedgwick Rafter counting cell (1). Color and turbidity were determined with a Bausch & Lomb Spectronic 88 spectrophotometer (X = 420 nm) and a Hach model 2100A turbidimeter, respectively.
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RESULTS AND DISCUSSION
Water samples from Little Orange Lake, Lake Wauberg, Lake Alice, Clear Lake, and Newnan's Lake were treated with 300 ,ug of magnetite per ml and 50 pg of aluminum sulfate (alum) per ml and were poured through 905 BI1TON, FOX, AND STRICKLAND the magnetic separator after a 5-min mixing time. (11, 12) . Golueke and Oswald (7) reported that, in the presence of alum, the removal of algae wFs maximum at pH 6.5 and decreased when the pH was higher than 7.0. The pH was also found to be important in the interaction of algal cells with polyelectrolytes (16) and with sand particles (6).
Total and differential algal counts were undertaken in the five lakes. Except for Lake Alice, blue-green algae (Cyanophyta) were the dominant group in these lakes (Fig. 2) . A close look at the cyanophytes shows that Microcystis was dominating in Clear Lake and Newnan's Lake. Lake Wauberg was populated by a mixture of Microcystis and Lyngbya, whereas in Little Orange Lake, Aphanizomenon and Anabaena were the dominant blue-green algae.
In general, cyanophytes were the least removed when compared with chlorophytes and chrysophytes (Fig. 2) . Moreover, within the phylum Cyanophyta, the filamentous organisms such as Anabaena, Aphanizomenon, or Lyngbya were better removed than the colonial types such as Microcystis. These observations are of preliminary nature because of the lack of information on the cell surface charge of blue-green algae. Most of the studies dealing with this particular subject (6, 8, 9, 14, 16) have indeed focused on green algae such as Chlorella and Scenedesmus. Therefore, more studies are being undertaken on the removal of pure cultures of of 3 x 105 cells/ml of seawater. Alum was not required due to the high ionic strength of the seawater.
Due to the open matrix of the stainless-steel wool inside the filter, magnetic separation is a rapid process that allows flow rates of 30 to 150 gallons/min per ft2 (3) . Pollutants other than algae may absorb to magnetite, the seed material. It may be concluded that this method, because of its simplicity and efficiency, deserves further investigation.
